There are several studies about the mortality of the CABG patients with the importance of the inflammation. The aim of our study was to evaluate the relationship between RDW and in-hospital mortality in CABG patients.
Introduction
Developing new operative techniques and intensive care conditions related coronary artery bypass grafting (CABG) surgery, importance of the inhospital mortality rates has not decreased yet. There are some clinical factors such as advanced age, duration of hospitalization, male gender, diabetes mellitus and congestive or chronic heart failure are associated with the short term CABG mortality (1, 2) . Even though the effects of the high risk patients on the health costs decreased over the time, the economic importance is still maintained (3).
Hematological parameters including hemoglobin level, leukocyte, neutrophil and lymphocyte counts, Mean Platelet Volume (MPV) and ratios including Neutrophil/Lymphocyte Ratio, Red Cell Distribution Width (RDW), Platelet Distribution Width (PDW) are demonstrating measure of the general inflammatory activity which provides prognostic information related to some ischemic disorders (4) (5) (6) . It gives also economic and fast information about inflammation that is responsible for the pathogenesis of cardiovascular disease. There are several studies about the mortality of the CABG patients with the importance of the inflammation (7, 8) .
CABG has complicated processes can activate some inflammatory pathways which easily recognized with hematological tests. The aim of our study was to evaluate the relationship between RDW and inhospital mortality in CABG patients.
Material and Methods
December 2011 and May 2015 a total of 394 patients undergoing cardiovascular operations in the department of cardiovascular surgery of Mevlana (Rumi) University Medical School were analyzed for our study. Forty-eight patients excluded from the study because who were having ascending aortic replacement, operated with combined valve replacement/CABG, congestive heart failure, atrial flutter or fibrillation, traumatic cases, systemic inflammatory disease, infection, malignancy, thyroid disorders, chronic renal or hepatic disease and overt/ active hematological disorders or terminal illnesses. Remaining of 346 patients undergoing CABG for single-, double-, triple-or more vessel disease were considered to be a study patient population. All patients demographic (age, gender, body mass index) features and comorbidities were recorded from medical archives. In addition, perioperative factors such as aortic cross-clamp time, pump time, number of bypass grafts, was recorded by examining the operation event records. Also this retrospective study was approved by the local ethics committee.
Hematologic Analysis
Pre-operative 2 ml blood sample was put into tubes containing 3.6 mg tripotassium ethylenediaminetetraacetic acid for evaluation all patients complete blood count. Analysis of all hematological parameters was used the whole blood count device (KX-21N-TOA Medical electronics, Kobe, Japan). All hematological parameters were recorded for statistical analysis.
Surgical Protocol and Post-operative Follow up
All patients underwent same anesthesia protocol be made of midazolam, fentanyl and isoflurane. The type of CABG procedure (off-pump vs on-pump CABG) was determined by the operation team. Standard sternotomy was performed for all patients for the purpose of achieve aortic fat pad. When aortapulmonary window was sightseen aortic cross clamp was placed on the aorta for on-pump procedures. After starting of Cardio Pulmonary Bypass (CBP), the body temperature was drifted 32-34°C by using cold cardioplegia. Octopus tissue stabilizer (Medtronic, Inc., Minneapolis, MN, USA) is used for off-pump surgery patients. The internal mammarian artery usually used to left anterior descending artery stenosis, the other grafts was used to stenosis of right coronary artery, circumflex artery and all branches. All proximal anastomosis was performed with aortic cross-clamping in case of on-pump procedures.
At the end of the operation, all patients were followed with maintaining complete hemodynamic and rhythm monitorization in the intensive care unit. Serum electrolyte levels (potassium, calcium) were followed up daily. In the event of the hypocalcemia and hypopotassemia, supplementation therapy applied immediately.
Statistical Analysis
The data analysis was performed using the Statistical Package for the Social Sciences software, version 22 for Windows (SPSS Inc., Chicago, IL). The data are shown as mean ± standard deviation for continuous variables, medians (minimum-maximum) for ordinal variables, and frequencies with percent for categorical variables. A P-value of < 0.05 was considered statistically significant. Continuous variables and dichotomous data were analyzed with using unpaired t-test and Mann-Whitney U-test or Pearson's χ2 test and Fisher's exact tests in terms of distribution, respectively. The categorical variables between groups were analyzed using the chisquare test. Logistic regression analysis performed to identify independent hematologic predictors of short term mortality. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for independent associates of mortality.
Results
Three hundred and forty-six patients were included according the inclusion criteria. Baseline characteristics, operative and hematological parameters stratified by development of in-hospital mortality were summarized in Table 1 . The study 
Discussion
The importance of our study illuminates the following results; first, there was an association between some hematological parameters such as RDW, WBC, Neutrophil Count and N/L Ratio and in-hospital mortality in CABG patients. Second, the RDW is an independent predictor for in-hospital mortality in CABG patients according to multivariate regression analysis.
RDW is a hematologic marker that determines morphological differences between red blood cells and shown in complete blood count results in the form of percentage. Basically it is used for differential diagnosis of anemia (9) . Increased RDW values are not also indicator of anemia due to nutritional deficiencies but also may predicted some cardiovascular, pulmonary and renal disorders (10, 11) . Lots of mechanisms that result of cardiovascular and pulmonary disease may be clarify high RDW levels. Reduction of the iron metabolism secondary to oxidative stress, inflammation, and released cytokines may decrease life time of erythrocytes and increases RDW (12, 13) .
Especially CABG required cardiopulmonary bypass is a hypoxic setting which may lead to ischemic tissue damage and this process can activate a number of inflammatory mediators. Just after starting the operation, the plasma levels of myeloperoxidase, tumor necrosis factor-α and interleukin 10 were increased in the on-pump CABG compared with offpump CABG (14) . There are also some studies related to the relationship between the development of systemic inflammatory response syndrome and cardiopulmonary bypass revealed that increased RDW is associated with increased systemic inflammatory response (15) . Systemic inflammatory response syndrome is related to increased mortality in patients undergoing CABG surgery (16) . Elevated RDW is also associated with increased risk of the other morbid conditions such as development of new onset atrial fibrillation, ischemic stroke and sepsis (17, 18) . Therefore, the patients with elevated RDW should be followed up in terms of the development of such morbid factors.
Decreased vascular repair due to defects in angiogenesis are main problems of coronary artery disease. Endothelial progenitor cells are important step in the process of vascular repair and development of coronary artery disease (19) . Increased RDW is also related to failure of vascular repair mechanisms as a result of increased inflammatory mediators that lead to decrease the number of endothelial progenitor stem cells (20) .
The cause of stroke in bypass patients is usually unknown. Various factors are associated with perioperative strokes, including advanced age, prior (21) . Increased RDW is also associated the high risk of the development cryptogenic stroke, irrespectively of anemia and inflammation (22) . The identification of high-risk patients using RDW might facilitate preventive measures and reduce cardiovascular morbidity and mortality.
Furthermore, the markers that are associated with the development of mortality in CABG patients have also been identified in recent years. Some studies were investigated the relationship between alteration of the preoperative ECG and short term mortality (23) . The others investigated that the impact of the HbA1c levels on the mortality in CABG patients (2) . Although there are some studies related to hematological indices and operative factors such as development of atrial fibrillation and platelet functions, we couldn't find any research associated between hematologic indices and mortality.
Conclusion
To our knowledge, this is the first report of an association between RDW and the development postoperative mortality in CABG patients. The identification of high-risk patients using RDW might facilitate preventive measures and reduce cardiovascular morbidity and mortality.
